Abstract. Models of magnetic and gravity anomalies along two E-W transects offshore central Oregon, one of which is coincident with a detailed velocity model, provide quantitative limits on the structure of the subducting oceanic crust and the crystalline backstop. The models indicate that the backstop-forming western edge of the Siletz terrane, an oceanic plateau that was accreted to North America-50 million years ago, has a seaward dip of less than 60ø3. Seismic, magnetic, and gravity data are compatible with no more than 2 km of subducted sediments between the Siletz terrane and the underlying crystalline crust of the Juan de Fuca plate. The data also suggest the presence of a N-S trending, 200-km-long basaltic ridge buried beneath the accretionary complex from about 43øN to 45øN. Although the height and width of this ridge probably vary along strike, it may be up to 4 km high and several kilometers wide in places and appears to be locally in contact with the Siletz terrane beneath Heceta Bank. Several models for the origin of this ridge are discussed. These include: a sliver of Siletz terrane detached from the main Siletz terrane during a late Eocene episode of strike-slip faulting; imbrication and thickening of subducted oceanic crust in place; an aseismic ridge rafted in on the subducting oceanic crust during the past 1.2 million years; and a series of ridges and/or seamounts rafted in over a longer period of time and transferred from the subducting plate to the overlying plate. The last model is the most consistent with the complicated history of local uplift, subsidence, and slope instability recorded in the ridges, basins, and banks of this part of the margin. We speculate that the massive seaward dipping western edge of the Siletz terrane in this region inhibits subduction of seamounts and sediments, resulting in fomation of buried ridge as the accumulated flotsam and jetsom of subduction. This process may also be responsible for thickening of lower accretionary complex material, oversteepening of slopes leading to massive slumping, and north-south extension through strike-slip faulting in the accretionary complex to the west of the buried ridge. Regardless of its origin, the ridge may currently be acting as an asperity inhibiting subduction.
pre-Tertiary North America [Wells et al., 1998 ]; here forearcseismicity generally outlines blocks of Siletz terrane [Trihu et al., 1994; Parsons et al., 1998 ]. In northern California, seismicity in both the upper and lower plates seems to be controlled in large part by the northward motion of the Pacific plate [Wang, 1996] . Understanding the nearly aseismic behavior of both the upper and lower plates of the central part of the subduction zone requires a better understanding of the crustal structure in this region in order to determine whether this is a locked zone with the potential for great earthquakes or simply a node in the regional stress regime.
To this end, we have modeled marine magnetic and gravity anomaly data recorded along two E-W profiles. The original goals of this study were to (1) use potential-field data to regionally extend constraints on crustal structure obtained from a previous seismic reflection-refraction survey (Figure 1 d) ; (2) constrain the geometry of the backstop-forming western edge of the Siletz terrane; (3) constrain the structure beneath Heceta Bank, a shallow submarine bank on the central Oregon margin; and (4)evaluate the influence of backstop structure on deformation in the accretionary complex. In the course of this work, we also identified a previously unknown, deeply buried basement ridge on the subducting plate, which provides a possible explanation for the complicated geologic history of 20,431 this part of the margin and which may currently be acting as an asperity between the plates.
The Siletz Terrane
The thick basalts of the Siletz terrane form the backstop to the accretionary complex on the central Oregon continental margin. A backstop may be defined as a region within a forearc that has significantly greater shear strength than trenchward sediments and which thus acts as a bulldozer blade driving the accretionary wedge [Davis et al., 1983; Wang and Davis, 1996] . Differing backstop geometries produce different stress and strain fields within an accretionary prism [Byrne et al., 1993] [Shrieve and Cloos, 1986; yon Huene et al., 1996] . The geometry of the backstop thus helps to determine subduction zone dynamics and is an important consideration in earthquake hazard assessment. Thermal models of the Cascadia subduction zone are also sensitive to the geometry and extent of the low thermal conductivity basalts of the Siletz terrane (Hyndman and Wang, 1993; Oleskevich, 1994) , and these models are critical for predicting the size of the locked zone and thus the magnitude of a possible megathrust earthquake. The rocks of the Siletz terrane are tholeiitic submarine pillow lavas and breccias which grade locally into subaerially erupted alkalic basalts [Shayely et al., 1968 The magnetic anomaly data ( Figure 2b ) and drill holes [Shayely, 1987; Shayely and Wells, 1996] , on the other hand, clearly show that the western edge of the Siletz terrane lies beneath the continental shelf of central Oregon between 43øN and 45øN. Shayely et al. [1980] suggested that this boundary, which they named the Fulmar fault, was a right-lateral strikeslip fault during the Eocene that truncated the accreted Siletz terrane. Although this boundary is currently aseismic, several observations suggest that it separates regions with different stress regimes and deformational styles and that it has been the site of Neogene deformation [Shayely et al., 1980 ; Trdhu e t al., 1995] (see also Figure 3 ). Both the N-S strike of ubiquitous anticlines and thrust faults and the northwest strike of active left-lateral strike-slip faults in the accretionary complex offshore Oregon indicate that the maximum horizontal compressive stress is generally oriented E-W seaward of the backstop [Goldfinger et al., 1992 [Goldfinger et al., , 1997 . In contrast, the orientation of maximum horizontal compressive stress in the onshore forearc is N-S [Werner et al., 1991; Ludwin et al., 1991] . Moreover, northwest trending, left-lateral strike-slip faults that are common in the accretionary prism appear to terminate eastward near the seaward edge of the Siletz terrane [Goldfinger et al., 1997]. Finally, a band of short-wavelength (3-4 km) margin-parallel folds and faults, which contrasts sharply with longer-wavelength (6-8 km) folds that occur throughout the rest of the accretionary complex, overlies this boundary in the region of this study. Stonewall Bank, an actively growing anticline that has recently been studied in detail by Yeats et al.
[1998], may be a particularly well-developed example of one of these folds.
Heceta Bank
The short-wavelength folds overlying the apparent seaward edge of the Siletz terrane are particularly prominent over Heceta Bank (C. Hutto, personal communication, 1996), an enigmatic bathymetric high located at approximately 44ø00'N to 44ø30'N and extending westward on the continental shelf to about 125ø00'W (Figures 2a and 2b) . Although the bank is associated with a large (-50 mGal) free-air gravity high (Figure 2a) , the simple spatial correlation between gravitational and bathymetric anomalies that would be expected if the gravity field reflected only topography and large-scale plate geometry is not observed. Magnetic data suggest that the Siletz terrane does not extend sufficiently far west to entirely underlie Heceta Bank (Figure 2b) . Heceta Bank and other banks of the central Cascadia margin have been interpreted to be an outer arc high formed by underthrusting of young sediments at the base of the accretionary complex [Kulm and Fowler, 1974] . However, it remains poorly understood why the outer arc high exists as a number of discrete banks rather than as a continuous bathymetric and structural feature along the entire margin. Recent regional mapping of the Miocene-Pliocene unconformity suggests that the outer arc high was once more extensive, extending north of 
Data
The prominent gravity highs beneath the Oregon Coast Range (Figure 2a) Shipboard data acquired by the National Oceanographic and Atmospheric Administration (NOAA) were selected for the modeling procedure because magnetic, free-air gravity, and bathymetry data were collected simultaneously, the ship tracks were oriented approximately perpendicular to the predominant N-S geological strike, and the survey lines were of the greatest spatial density. The data were resampled using an Akima spline with a 0.5-km sampling interval prior to modeling.
The first profile modeled is approximately coincident with the seismic model of Trdhu et al. [1994] . For this profile we focus on modeling the magnetic data and show that the gravity data are compatible with this model. A second profile crossing Heceta Bank was chosen for modeling because it represents a distinct contrast in margin morphology and the slope of the magnetic anomaly marking the seaward edge of the Siletz terrane. For this profile we show that the magnetic model is consistent with conclusions obtained from modeling line 1, and we focus on modeling the gravity data. Models for these two profiles should bracket the range of structure along this central segment of the Cascadia margin.
Modeling' North Line
We used gravity and magnetics modeling software produced by Northwest Geophysical Associates (Corvallis, Oregon), which is based on the algorithms of Talwani et al. [1959] and Talwani and Heirtzler [1964] and incorporates the algorithm of lYebring [1985] for least squares inversion of selected model parameters. Because the large-scale geometry of the Oregon continental margin consistently strikes N-S, perpendicular to the survey lines, and because small-scale, three-dimensional variation is poorly constrained, the models discussed here are two-dimensional. We did, however, calculate the effect of the northern and southern termination of Heceta Bank on modeled gravity anomalies and determined that three-dimensional effects were not significant. Because of multiple trade-offs among various parameters, multiple starting models were considered, and a hybrid forward-inverse approach was adopted in which only a single parameter was varied at a time.
Initial Model Parameterization
The general geometry for the Siletz terrane, Juan de Fuca plate, shelf sediments, and accretionary prism in the seismic model ( Figure 4a ). We do not attempt to interpret the variability in magnetic properties for anomaly 4 as it is within the uncertainty of our knowledge of the magnetic properties of oceanic crust. The required decrease in magnetization for anomaly 5, however, is significant. Thermal models [Scheidegger, 1984; Hyndman and Wang, 1993] suggest that the subducting slab is not hot enough to attribute all of the apparent demagnetization to thermal demagnetization, and some chemical demagnetization due to metamorphism is therefore also likely, as discussed in section 5.1. The next step in the modeling procedure was to add the effect of the Siletz terrane. Because magnetic modeling is most sensitive to the shorter-wavelength response of shallow structure [Webring, 1985] , we were able to determine through trial and error that the upper surface of the Siletz terrane must extend slightly seaward and upward of the westernmost position where it is clearly imaged in seismic data ("M" in Figure  3 ) to include a region of diffractions indicative of rough topography. This seaward extension is only weakly sensitive to K. However, the modeled geometry of the edge of the Siletz terrane and its modeled susceptibility are theoretically correlated [Webring, 1985] , and the sensitivity of modeled geometry to modeled susceptibility must be evaluated when considering the geometry of the entire backstop.
Assuming that the western side of the Siletz terrane is a straight line in cross section, we created 64 models, representing eight values of susceptibility and eight values of dip, holding all other model parameters constant. The root-meansquare error for each model as a function of dip and susceptibility is shown in Figure 5 . The best fit dip and susceptibility for this simple model are 55øW and 0.00285 cgs units, respectively. Fit rapidly deteriorates as the dip becomes vertical or landward (>90ø). Curve ST in Figure 4a shows the effect of adding the Siletz terrane to the model with these parameters. This value for K is consistent with values measured by Brornery and Snavely [1964] for samples of Siletz rocks from western Oregon. Implications of this dip for models of the history of the Siletz terrane are discussed in section 5.2.
We assumed that the western edge of the Siletz terrane is a straight line in cross section. However, if one relaxes this condition, many geometries are allowable for the seaward edge of the Siletz terrane below 7-km depth, including a slight landward dip. The linear anomaly cannot be modeled as a seafloor magnetic lineament, because its wavelength is too short to be produced by a source at the depth of the subducting crust. The data can, however, be matched by introducing a narrow ridge of material with the same magnetic properties that we assumed in our initial model for positively polarized oceanic crust (K=0.003 and MR=0.001).
The best fitting crosssectional shape of a body with these magnetic parameters, assuming that it extends to the subducted plate, is shown in Figure 4c to a calculated field that does not fit the observed magnetic data, regardless of the susceptibility assumed for the Siletz terrane. The seismic data also require a thick Siletz terrane that extends nearly to the subducting oceanic crust, as shown in Figure 7 , which shows ray path coverage and travel time fit for arrivals refracted through the Siletz terrane and underlying oceanic crust and for arrivals reflected fi'om the base of the subducted oceanic crust for the model of Trdhu et al. [1994] . These arrivals were recorded on stations deployed onshore to record offshore shots, which provided the best experimental geometry to image the structure beneath the coastline and continental shelf.
The fit of our calculated magnetic anomaly to the observed data is poor around model km 140 (Figure 4a ). This is probably due to the Miocene sills mentioned above. The reflection data indicate that these basalts do not extend farther east than model km 130 (Figure 3) . We did not include these sills, which require a fully three-dimensional modeling approach, because of their lack of influence on models of the Siletz terrane edge. They could account for the high-amplitude, relatively short-wavelength mismatch here if they have a significant and predominantly reversed remanent magnetization. The limited regional extent of this magnetic low (Figure 2b ) supports this interpretation.
The final feature of the magnetic data that we modeled is the local high at km 80-100. This anomaly appears to be part of a low-amplitude, linear, margin-parallel anomaly that begins [1994, 1995] . A small advance from the buried ridge at km 95 is observed near km 84 in phases labeled Ps and Poc. The primary evidence for this phase, however, is in the ocean bottom seismometer (OBS) data, which are not discussed in this paper but which show a localized region of oceanic crustal velocities at relatively shallow depth.
Gravity Model
For the gravity model, subdivision of the accretionary prism and Siletz terrane into several bodies (generally increasing in density arcward and downward) represents, for the most part, the discretization of continuous density gradients implied by the velocity model. Some minor modification of densities from the initial values derived from the velocity model was required to model the gravity data, reflecting uncertainty in the velocity model and in the conversion from seismic velocity to density. The densities in our final gravity model remain consistent with those predicted from the velocity model via the Nafe-Drake relationship (Figure 9) , showing that the velocity model of Trdhu et al. [1994] is generally consistent with the gravity data. Although we do not show the sensitivity of the model to the thickness of the Siletz terrane and buried ridge since the thickness of the Siletz terrane beneath the shelf has already been demonstrated by the magnetic and seismic modeling, we note that a significant decrease in the thickness or density of the Siletz terrane leads to a poor fit to the data.
The configuration of the subducting plate in this model is significantly different from that in previous crustal models derived from gravity [e.g., Couch and Riddihough, 1989], because these previous models were unconstrained by seismic data, and overestimates of the thickness of low-density sediments resulted in an underestimate of the depth to the subducting plate beneath the continental shelf.
Modeling' South Line

Initial Model Parameterization
Our starting model for the profile crossing Heceta Bank was adapted from the cross section of Snavely et al. [1985] , which is based on seismic reflection lines, regional gravity and magnetics data, an industry well, and onshore surficial geology. While there is some trade-off between the magnetic parameters and geometry of this body and while details of the structural relationship between the ridge and the Siletz terrane cannot be resolved, if the anomaly is from a buried ridge, then the ridge is in contact with the Siletz terrane in this region.
Gravity Model
The primary objective of modeling the gravity anomaly on this profile was to place constraints on the density structure beneath Heceta Bank.
Step 1 (Figure 10b) Figure 10b and shaded region in Figure 10d ). Low densities in this region are consistent with the interpretation of Goldfinger et al. [1999] that this region is a large slump.
There is a significant trade-off between the density and the shape of the high-density core beneath Heceta Bank. Assuming a density of 2.7 x 10 '3 kg/m 3 results in lowering the boundary between the upper and lower accretionary complex by-•2 km. A body with this density would most likely be made of basalt and would probably represent a subducted seamount. Although we cannot rule out a concealed seamount, with magnetic properties such that the effects of induced and remanent magnetization cancel each other such that no magnetic anomaly is produced, we consider this interpretation highly unlikely. Our gravity model therefore suggests that high-density middle Miocene and older sediments of the deep accretionary complex have been uplifted to form the core of Heceta Bank, as originally suggested by Kulm and Fowler [1974] , and places limits on the volume of material uplifted.
Discussion
Demagnetization of Juan de Fuca Plate Crust
As shown in section 4.3, modeling the seafloor spreading anomalies over the Juan de Fuca plate suggests that the subducted crust is significantly demagnetized. Although the Cascadia subduction zone is characterized by high heat flow due to the young age of the Juan de Fuca plate and the insulating effects of thick sediment cover, thermal models of Cascadia [Hyndman and Wang, 1993; Oleskevich, 1994] suggest that Curie temperatures of 550ø-600øC are not reached on the thrust plane until -175-200 km east of the deformation front. It is therefore difficult to attribute the observed demagnetization entirely to thermal demagnetization of the subducted plate, assuming a reasonable thermal gradient in the oceanic crust beneath the thrust zone.
We suggest that hydrothermal alteration of the subducted crust also contributes to reducing the remanent magnetization of the subducted crust through metamorphism of the basalt and recrystallization of iron-titanium oxides [Scheidegger, 1984; Finn, 1990] . Large volumes of fluids released at greater depth by prograde metamorphism of hydrated basalt [Peacock, 1987] [Miller and Howie, 1993] . This model implies that the plate boundary has stepped down into the crystalline crust of the Juan de Fuca plate, transferring material from the lower plate to the upper plate. We expect that the thrust fault at the core of such a ridge forming in oceanic crust at these depths would be marked by seismicity, which is not observed.
A third possibility (model C) is that the ridge represents a subducted aseismic ridge or seamount chain formed by constructional volcanism in the ocean basin along a line parallel to the spreading center. In this model, the ridge has been dragged obliquely through the accretionary complex for the past 1. The northern boundary of the predicted track of the subducted ridge does correlate with a major change in slope morphology and deformation front structure. North of the buried ridge, the margin is marked by a series of ridges formed by distributed landward vergent thrusting [Flueh et al., 1998 ]. Where the subducted ridge and seamounts are predicted to have passed, the slope morphology is more irregular, and the deformation front is generally characterized by a seaward vergent thrust [MacKay, 1995] . Vergence direction is obscured by slump debris from 43øN and 44øN, but a seaward vergent basal thrust is observed cutting through older slump debris between 42øN to 43øN [Goldfinger et al., 1999] . South of 42øN, where the Siletz terrane is absent and the crystalline backstop of the Klamath terrane forms a landward dipping backstop [Beaudoin et al., 1996 ], vergence appears to be mixed [Gulick et al., 1998 ]. These changes in vergence at the deformation front have been previously attributed to differences in pore pressure on the decollement resulting from differences in the thickness and composition of sediments on the subducting plate. While we find this interpretation well justified, the correlation with the massive Siletz backstop and buried mafic ridge suggests a feedback effect in which the along-strike variation in sediment properties on the subducting plate is due, in part, to differences in the uplift and subsidence history of the adjacent accretionary complex.
The buried ridge also correlates well with the portion of the margin characterized by northwest trending strike-slip faults (Figure 1) [Goldfinger et al., 1997 [Goldfinger et al., , 1999 . While a few strikeslip faults have been mapped farther north, only along this portion of the margin are they well defined and regularly spaced. None of these faults extend east of the seaward edge of the Siletz terrane, and they rapidly die out in the abyssal plain. These faults imply N-S extension of the sliver of accretionary complex caught between the deformation front and Siletz terrane.
Although we cannot definitively rule out any of the four possible explanations for the buried mafic ridge and none of the models is consistent with all of the available geologic data, the apparent correlation between the predicted track of a subducted ridge through the accretionary complex, variations in slope morphology and deformation front structure, and the left-lateral strike-slip faults cutting the accretionary complex lead us to favor model C'. We suggest that subducted seamounts rafted in on the subducting plate over roughly the past 8 million years have accumulated through time to form an apparent buried ridge. The presence of this ridge may further inhibit subduction of accretionary complex material, leading to east-west shortening and north-south extension, uplift of lower accretionary complex material, oversteepening of slopes, and massive slope collapse.
Subduction Zone Asperities
Regardless of the optimum model for formation of the ridge, it likely results in a change in the material properties across the plate boundary [Dmowska et al., 1996] and thus may represent an asperity, or region of higher frictional resistance, along the plate boundary. If this is the case, then the lack of seismicity in this region may be due to plate locking. Geodetic evidence for plate locking is ambiguous. This region is a node in both long-term and short-term measurements of uplift [Mitchell et al., 1994] •ey et al., 1998 ]. Within the next few years, ongoing geodetic work should provide new information about current plate interactions. The crustal parameters determined by this study and other studies will provide important constraints on geodynamic models to explain the observed geodetic data.
In the case of models B and C, we must further consider the effect of topography on the plate interface as it must pass over the top of the buried ridge. Cloos [1992, 1993] has argued that large seamounts will be too buoyant to be subducted, locking the subduction zone until the stress increases enough to shear them off and transfer them to the upper plate. Scholtz and Small [1997] consider a more general case of the effect of a subducting seamount that includes the effects of flexure. While they conclude that seamounts will not always be transferred to the upper plate, their model predicts that a 4-kmhigh seamount will contribute significantly to the normal stress and that the effect of subducting seamounts is especially pronounced in generally decoupled subduction zone. Either model predicts temporary locking and eventual stress release in large earthquakes.
Offshore Oregon, the buried ridge may have been subducted to a depth at which the frictional resistance to subduction on the plate boundary exceeded the stress required to shear off the subducting seamount. The influence of the Siletz backstop on this process, which depends on the slope and height of the subducted seamount and on the flexural strength of the upper and lower plates, is uncertain. If thickening and dewatering of the accretionary complex alone are adequate to increase the normal stress on the plate boundary enough for the plate boundary to jump to the base of a seamount, then model C' is compatible with the observation that the buried ridge is not in contact with the Siletz terrane along much of its length.
However, if this is the case, the correlation between the buried ridge and the Siletz terrane may be coincidental. Geodynamic models of stresses resulting from interaction between the Siletz backstop and buried ridge are needed to resolve this question. Regardless of whether the seaward dipping western edge of the Siletz is causing seamounts to be sheared off the subducting plate, the process of breaking through oceanic crust on this scale is likely to be seismogenic. Scholtz and Small (1997) note that large earthquakes seem to have resulted from this process in the normally decoupled TongaKermadec and Izu-Bonin arcs.
Conclusions
Magnetic and gravity modeling in conjunction with existing geologic and geophysical constraints indicates that the western edge of the Siletz terrane, which acts as the subduction zone backstop, has a seaward dip of less than 60 ø (measured from horizontal). The Siletz terrane may continue to descend at these dips to the subducting Juan de Fuca plate, but alternative geometries for the lowermost portion of the backstop are also consistent with the potential-field data. Underthrusting of more than---2 km of accretionary complex material, however, is unlikely. This steep, seaward dip supports the Snavely et al. [1980] model for Eocene strike-slip truncation of the Siletz terrane, rather than maintenance of an undeformed relict subduction boundary since accretion of the Siletz terrane. The magnetic data also require progressive eastward demagnetization of the Juan de Fuca crust in the magnetic quiet zone, which is most likely due to a combination of thermal and chemical demagnetization. Our southern transect reveals that Heceta Bank is cored by relatively dense sediments (•-2.54 g/cm3), which likely represent uplift, older, denser, sedimen-tary rocks that were previously deeply buried within the accretionary complex.
Perhaps the most important result of our investigation is the identification of a mafic ridge buried beneath the accretionary complex from about 45øN to 43øN. From correlation between the location of the buried ridge, seafloor morphology, and the recent geologic history of the margin, we conclude that the ridge represents seamounts rafted in over the past several million years. We propose that subduction of these seamounts is impeded by the thick, seaward dipping Siletz backstop, leading to a complicated feedback between accretionary complex uplift, subsidence, collapse, and faulting. Other possible origins include formation in place through imbrication of the subducting crust and formation as a sliver of Siletz during the Eocene period of strike-slip tectonics that formed the seaward dipping backstop. Regardless of its origin, the ridge likely represents a contrast in the physical properties of the plate boundary and may therefore be acting as an asperity on the megathrust, although the details of this process are ambiguous.
The 
